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(54) A transmitter architecture employing space time spreading and orthogonal transmit 
diversity techniques 

(57) Disclosed is a common transmitter architecture 
having incorporated both open loop transmit diversity 
schemes using a plurality of binary switches. Employ- 
ment of binary switches allows for the sharing of certain 
components whether the transmitter is utilizing a 
orthogonal transmit diversity (OTD) scheme or a space 
time spreading (STS) scheme. Accordingly, the number 
of components in the transmitter is minimized and the 
complexity of the transmitter is simple enough to be 
implemented into a single application specific integrated 
chip. 
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Description- 7 * <' ' * r ' • *•:•-*: - ; 

Related Application • *■ , ; : ' 1 r ' 

[0001] Related subject matter is disclosed in-the fol- r -5 
lowing application and assigned to the same assignee 
hereof: U.s: ; Patent Application Serial No. 09/294,661 
entitled, "Method -AntfWpparatus For Downlink-Diversity *• 
In CDMA Using' 1 Walsh Co'des; "-inventors R. Michaek 
Buehrer, Robe*! Atrnaram Soni; and'Jiann-an Tsai; filed • . to 
on April- *\'9, :: [ 999. 'Related subject matter is disclosed in/, 
the following concurrently-filed application and assigned 
to the same assignee hereof: U.S. Patent Application ; 
SeriaPNo. ' ' * • ■ entitled, "A Receiver - 

Architecture 'Employing Space Time Spreading And 75 
Orthogonal transmit Diversity Techniques," inventors R. 
Michael Bueh'refV Robert Atrnaram Soni and Stephen A. 
Allpress/ " ♦ "* . . : •■■ "- ■-■>■ ; 

Field Of The Invention - ; v : ». 20 

[0002] : ~ -The- preselit- invention- relates generaMyrto""- ^ 
wireless communication systems and, -in particulars to= l 
wireless'eommunicatlon employing trahsnnit-diversity. v.-.. - 

Background Of The Related Art ; »- - . ' ^ r- 

[0003] • 'Several third generation wireless.communk *. 
cation systems' are^ being developed.- One such third 
generation wireless comrhuhication'system-is'knwwn as-.. 30 
CDMA 2000. In CDMA 2000, a variety of'techniqu'es"are- * 
being incorporated for improving call' quality. Open loop. .: 
transmit 'diversity is one such' technique in which user ) 
signals are transmitted using two antennas. In a first 
phase of CDMA 2000, open- loop transmit diversity is 35 
currently being implemented - in a form of orthogonal 
transmit dive rsity (OTD)." In -OTD, separate antennas are 
used to transmit .even data bits and' odd data bits to. 
achieve transmit diversity and improved call quality.'? . 
[0004] ' !na second phase of CDMA 2000,-open* loop . >■ 40 
transmit diversity may be implemented in 1 a form of 
space time spreading (STS) using Walsh functrons.or 
codes. STS" enhancers call quality by providing -variable* 
gain over OTD 'depending*- on the coding rate being; 
used." Specif ically, In STS, odd data bits and even data*** '45 
bits are '^jointlyr not separately, transmitted "over two* :. „ c 
antennas. However; the 1 manner in which "the odd and 
even data^blts are modulated/processed before being', 
transmitted over one antenna will be diff ere nt: from the 
manner in~ r which the odd and even data bits'are'modu- j so 
lated/processed ' being transmitted over * ; the- cth'er.; . 
antenna."* - "' :i ' - "vs >. : u * . - 

[0005] There has been some'concern that including u 
both' open-loop transmit divereity.schemes as options in \ : 
CDMA'2000 would be very corhplex.in terms' of imple- 55 
menting-them into" a common transmitter'architecture:- 
Accordingly, there exists a'need for a simple to Imple- 
ment common transmitter architecture that has incorpox ' :] 



rated orthogonal transmit diversity * and space time 
spreading schemes. 

Summary Of The Invention . 

[0006] The present invention is a common transmit- 
ter architecture having incorporated both open loop 
transmit diversity, schemes using a plurality '.of ;binary 
switches. Employment of binary switches allows for the 
sharing of certain -components whether the transmitter 
is utilizing a orthogonal transmit diversity (OTD) scheme 
or a space time spreading (STS) scheme. Accordingly,- 
the number of components in the transmitter is mini- 
mized and the complexity of ithe transmitter is simple, 
enough.to be implemented into asingle application spe- 
cific integrated chip. 

[0007] The transmitter has an,. OTD and a STS 
mode, and comprises a first and second antenna sys- 
tem. The first antenna system comprises time multiplex- 
ers, mixers, switches and adders. The time multiplexers 
are used to tjme multiplex an in-phase first signal with a 
second in-phase first signal to produce a first time, mul- 
tiplexed signal; a>quadrature phase first signal with. a 
second quadrature phase first signal to produce a sec- 
ond time multiplexed signal;. an in-phase second signal 
with an inverted in-phase second, signal =to produce a 
third time multiplexed signal; and a quadrature phase 
second signal with an inverted quadrature phase sec- 
ond signal to produce a fourth time multiplexed signal. 
The mixers are used to mix- outputs of . the time multi-, 
plexers;with a Walsh-.f unction to produce first, second, 
third and fourth mixed?time multiplexed signals. The first 
and second time multiplexedrsjgnals are directed to the 
adders. If the transmitter is in STS mode, the switches 
direct: the third and fourth mixed time multiplexed sig- 
nals to the adders so they may.be added with the first 
and second mixed time multiplexed signals, respec- 
tively. If the transmitter /ts in OTD mode, the switches <fo : 
not direct the third ana! fourth mixed time multiplexed 
signals to the.-adders: . ■ • ■-,::>■,• 
[0008] The second antenna-system comprises time 
multiplexers, ; mixers, ^switches.- and adders. J-h e tirne 
multiplexers are used to time multiplex an in-phase sec-,, 
ond signal -.with an inverted > in-phase second -signal 
when ;the transmitter js in the first operating mode and 
with arr rn-phase second .signal =wh en the.transmitter is 
in th e - secon d op e rati n g : mode.- -to p rod uce . a -jFifth ( time . 
multiplexed .signal; a quadrature phase second. signal 
with an inverted quadrature phase second signal when , 
the transmitter is in the first -operating mode and with a< 
quadrature pbaseseeond signal- when the transmitter is 
in the second operating mode : to produce" a sixtf} time 
multiplexed signal; an in-phase first signal, with an. 
inverted in-phase^first,signaJ to produce^ seventh time 
multiplexecbsignal; and a, quadrature phase frrst signal 
with an inverted .quadrature phase first ;signal to pro 7 
duce an eighth time:mu|tiplexed signal.. The. mixers are 
used to mix outputs of the ,tirne .multiplexers with a 
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Walsh function to produce fifth, sixth, 'seventh and 
eighth mixed time multiplexed signals. The" fifth "and n.'- 
sixth time multiplexed signals are directed to the adders. 
If the transmitter is in STS mode, the switches direct the - 
seventh and eighth mixed time multiplexed signals to 5 
the adders so they may be added with the fifth and sixth 
mixed time multiplexed signals, respectively. If the trans- 
mitter is in OTD mode, the switches do not direct the , 
seventh and eighth mixed time .multiplexed signals to • 
the adders. ■ c - 10 v 

Brief Description Of The Drawings l - " i- 

[0009] The features,' aspects and 'advantages of the 
present invention will become better understood with 15 
regard to the following description, appended claims, 
and accompanying drawings where: - - ' . 

FIG'. 1 'depicts a transmitter employing orthogonal 
transmit diversity and space time spreading using .20 
Walsh functions in accordance with the present 
invention; and " : - : ' "" y " ; - 

FIG. 2' depicts one finger of a receiver employing - 
orthogonal transmit diversity and ' space • time ^ 
spreading using ' Walsh functions in accordance 25 
with the presenfi riventiori. •?'**■" 1 .« 

Detailed Description '' - ,v ,: . — ■■: ' 

[0010] ' FIG. V depicts-a common transmitter- a rohi-. "30 
tecture 10 in accordance with : the ,( present' inventions: • , 
Transmitter* 1 0 is typically incorp 6 rated -at <a base 1 sta- 
tion, ancHs-operable to modulate/process user signals . i * 
employing either orthogonal transmit diversity or space 
time spreading (using Walsh or some other orthogonal 35 
function) techniques. Transmitter 1 0 comprises of a first 
antenna system 11 and a second antenna system 28. 
For ease of discussion, the present invention witl be 
described rierein with respect to one user signal. It' ' r 
should be understood, however, that the present' inven- .■ 40 
tion can be applied to multiple user signals. ' *• * 
[0011] Transmitter, 10 receives --a user signal Y. 
Before' user "signal is modulated/processed-- by first 
and/or second aYitenn a : systems 1 1 arid 28, user signal 
Y is parsed and partitioned into even and odd data bits . 45 
and then 5 into in-phase and quadrature phase signals, 
i.e. signal Y 'is •converted into signals Y M f Y Q1i Y i2 , and ' 
Y Q2 , wherein I represents an in-phase signal, -Qrepre- ■■ 
sents a quadrature- phase signal, 1 represents even 
data bits and 2 represents 'odd' data : bits. Signals^Y hi .so 
Y Q1 Y )2 ;* and Yq2 are provided as inputs to first and sec- »■ .>; 
ond antenna system's 1 1 ancP28"" V ' > - - " ■ - : 
[0012] Tirst- antenna system ! 1 1* comprises time: \ 
multiplexers 1 2, inverters 1 4,~switches T6"an'd 26, ampli- 
fiers 1 8' and 20,^mixers 22 and adders' 24. Switches. 1 6< 55 
and 2*6 have a first position and second position. When 
switches 16 and 26 are alh' in ! the' first position, first 
antenna system 11 operates* in orthogonal transmit 



diversity mode. By contrast, when switches 1 6 and 26 
are all in the second position, first antenna system 11 
operates in space time spreading mode. 
[0013] User signal Y (1 is provided twice as input to 
time multiplexer 12-1. The-output of time multiplexer 12-. 
1 is a "time multiplexed signal, of signal Y| T with itself. 
When switch 1 6-1 is, in the first position, i.e., OTD mode, 
the output of time multiplexer, 12-1 is directed to ampli- 
fier 1 8-1 where it is amplified again G.by amplifier 18-1 . 
When switch 16-1 is in; the. second position, i.e., .STS 
mode, the output of time multiplexer .12-1 is directed to 
amplifier 20-1 where it is amplified a gain--^ by amplir 
fier20-1. - - .»,.., « - . .- 

[0O1 4] The outputs of amplifier 18-1 and amplifier. 
20-1 are mixed at mixer 22-1 with a Walsh .function W-j, 
and then provided as input tp adder -24-1. Note that 
mixer 22-1 should only .receive -an. input from., either 
amplifier 18-1 or 20-1 at any one time, and that some 
other orthogonal (or quasi-orthogonal) function may be 
used to mix the output of amplifier.^ 8-1 and : 20-1. 
instead of Walsh functions. If first antenna system 1 1 is 
in STS; mode, i.e., switches V6 and 26 are all in the sec- 
ond position; the- output; of^ mixer 22-A js added to an 
output of mixer -22-3 by adder 24-1 before being /transr 
mitted. By contrast, if first antenna system 11 is in OTD 
mode, i.e., switches 16 and 26 are all in the first posi- 
tion, the output of mixer 22-1 is not added to the output 
of mixer 22t3 by adder 24-1 before being transmitted. 
[0015]', \ .-User signal -Yqi is- processed in a similar 
manner as.user.signal Y M using time multiplexer 12-2, 
switchi1-6-2, f amplifiers 18-2 and 20-2, mixer 22-2, adder, 
24-2 and Walsh function W v 

[0016] User signal Y !2 is provided as input to time 
multiplexer 12-3 along with an inverted signal of Y, 2 (i.e. 
output of .inverter 14-1). The output of the /time • multi- 
plexer: 12-3 is then provided as input to amplifier 20r3, 
where it is amplified a gain % • The output of amplifier 
20-3. is mixed with a- Walsh -jf unction W 2 by mixer ; 22-3. 
When switch 26-1 is in the second position, the output 
of mixer 22-3iis provided as input to adder 24-1 where it 
can be added to the output of mixer 22-1. By contrast, 
when switch 26-1 is in, the first position, the output of 
mixer 22-3 is not provided as input to adder 24-1 . 
[001 7] Note that the amplifiers used by first antenna 
system 1 1 has a gain of ■% when it is;in STS mode. and 
a gatmof G .when it isjn OTD mode. Such-configuration 
allows for a same- output power. by first antenna system 
11 regardless of the.-mode. Butit should be understood 
that any -configuration of amplifiers and gains may be. 
used.. Furthemote that when first.antenna system 1 1 is 
in OTD mode, it transmits only even data bits. By con- 
trast when first antenna system 11 is in STS mode^it 
transmits;bo,th : even : and odd data bits. - , ,<- t • 
[0018] ■ User. signal-Yo^is .processed -in -a^ similar, 
manner as - signal .Y l2 , using time multiplexer 1-2-4, 
inverter 14-2,. amplifier^p^,- mixer 22-4, switch '£6-2, 
adder 24-2 and Walsh, function W 2 . 
[0019] Second antenna system 28 comprises 



3 



5 EP 1 087:5 

switches 29, 33 and*40,Mnverters 30, time multiplexers. . ; 
32, amplifiers 34 and 36, mixers 38 and adders 42.^- 
Switches 29, 33 and 40 have a- r first apd second posi- 
tion. When switches 29, 33 and 40 are in the first posi- 
tion, second antenna system 28 operates in OTD mode. ^ 
By contrast, when switches 29, 33, and 40 are in the 
second position, second antenna system ; 28, operates in , A 
STS mode. 

[0020] -/ When switch 29-1 is in the first position, user 
signal Y t2 'is< provided as input.to time multiplexer 32-1 w 
along with an inverted user signal Y !2 (i.e., output of 
inverter-30-1)rWhen switch 29-1 is in the second posi- 
tion, user signal Y (2 is provided twice as, input to time 
multiplexer- 32-1 . In time, multiplexer 32-1, user- signal 
Y| 2 is time multiplexed- with itself or its inverted self 15 
depending on the position of- switch .29-1 (or mode of 
second ante nna:sy stem 28): 

[0021] Whenswitch 33rT is in the first position, the 
output of time 1 . multiplexer 32-1. is directed^to amplifier 
34-1, where ;-the ; -time multiplexed signal js amplified a 20 
gain G by amplifier 34-1 . When switch 33- lis in the sec- 
ond position,.; the outpuKof .time -multiplexer- 32-1- is 
directed to amplifier 36M,- where the^ time multiplexed 
signal is., amplified a gain vj| by .amplifier -36-1.? . - 
[0022] The outputs of amplifiers 34-1 and 36-1 are 25 
provided as, input to mixer 38-1 , .where.they arejriixed 
with Walsh* functions W 3 .\ Note, that mixer 38-1 should 
only receive an input from either amplifier 34-1- or. 36-1 
at any .one time,, not -both si my Itanep us ly.. If second 
antenna system 28 is in STS -mode, i.e:, switches 29; 33 30 
and 40 are all in the second position, the output of mixer 
38-1 is added to an output of mixer 38-3 by. adder 42-1 
before.being transmitted. By contrast, if second antenna 
system 28:is in OTD mode, i.e., switches 29, 33 and 40 
are all in the first position, the output of mixer 38-1 is not 35 
added to the output .of mixer 38-3 by adder 42-1 before y 
being transmitted.:-; ri . r : 

[0023] User signal Y Q2 is processed in a similar 
manner to user signal Y (2 using. switches 29-2, 33-2 and 
40-2, inverter 30-2, time:multiplexer 32-2, amplifiers 34- . 40 
2 and 36-2, mixer 38-2, adder 42-2 and Walsh function 
W 3 . 

[0024]' ■* User-signal Y n is.. provided =as input to. timer 
multiplexer 32-3 along, with an inverted user signal Y| 2 . 
In time .multiplexer 32-3, user, signal Y^ is time, multi- 45 
plexed with.itsinverted self. The output.pf time multi T 
plexer 32^3 is.amplified a gain J| by amplifier 36-3, r . 
[0025] The output of amplifier 36-3 is mixed in mixer 
38-3 with Walsh function W 4 . When switch 40-1 is in the 
second: position, the output of mixer 38.-3 is provided as so 
input to.adder 42-1 ! .where it is added to the output -_gL 
mixer 38-1 .^When switch 40: Vis in the first position, the 
output' of mixer 38-3 is not provided as input -to adder 
42-1. v -; . ... i- . . - . -. •: : 
[0026] :r» : - 'User signal Yqt is processed; in a similar 55 
manner to-rusersignal Y^ using inverter .30-4, time mul- 
tiplexer 32-4, amplifier 36-4, mixer 38-4/ switch 40-2 and 
adder 42^2. ' - ■ - - ir . ■ 
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,[0027] ..Note that, tike the amplifiers of first antenna 
system 1 1 . the amplifiers of second antenna system 2B 
has a gain of when it is in STS mode and a gain of 
G when it is in OTD mode. Such configuration allows for 
a same output power by second "antenna system ( 11 
regardless of the.mode. But it should be understood that 
any configuration of amplifiers and gains may be used. 
Further note that when second anterina'system 28 is in 
OTD mode, it transmits only 'odd data bits. By contrast, 
when second antenna system '28 is in STS mode, it 
transmits both even and odd data bits. 
[0028] . In a preferred embodiment, Walsh functions 
W^ W 2 , W3 and W 4 are identical." Note. that for ease of 
discussion, a common receiver architecture is disclosed 
herein that assumes that Walsh functions VV-j, W 2 , W 3 
and W 4 are identical. It should be understood that the' 
different Walsh functions W-| , W 2 , W 3 and W 4 or combi- 
nations thereof may also be, used, and that "the common 
receiver, architecture disclosed he rein, could be adapted 
for different Walsh functions W 1( W 2 , W 3 and W 4 or 
combinations thereof. 

[0029], Opposite of transmitter 10 is a receiver (typ- 
ically incorporated at a mobile-station) for receiving and 
demodulating/processing the signals transmitted by 
transmitter 10. .FIG. 2 depicts one. finger 50 of a com- 
mon receiver architecture jn accordance with the 
present invention.. Finger 50 being operable to demodu- 
late/process received signals (transmitted by transmitter 
10 or equivalent) employing either, orthogonal' transmit 
diversity or space. time spreading (using .Walsh or some 
other orthogonal function) techniques. Finger 50 com : J 
prises mixers 52^ 54^56, ,58, 60 and 62, ; adders' 64, 66, 
68 and 70, time mu It! plexer' 72," inverters 59, "61" and 63", 
integrators 53 and 55 .and switches* 74, 76 and 78/ 
Switches 74, 76 and 78 have a first and a second posi- 
tion. When switches 74, 76 and 78 are ail in the' first 
position, finger 50 operates in OTD mode. By contrast, 
when switches 74, 76 and 78 are all in the second posi- 
tion, finger 50 operates in STS mode. 
[0030]. When finger . 50" .receives a signal r(t), 
received signal r(t) ; is provided as inputs to mixers 52 
and 54. In mixer 52, received signal r(t) is mixed with an 
extended Walsh function 'w(f), i.e., repeated Walsh ' 
function w(f)..The output of mixer 52 is provided as 
input to integrator 53. In mixer 54, received signal r(t) is 
mixed with a. function w(t) f which is a complement of the 
extended Walsh function w{t). The output of mixer 54 is 
provided as input to integrator 55. Recall that for ease of 
discussion, it is. assumed that Walsh functions W 1( W 2 , 
W 3 and XN 4l are identical at transmitter 10. Accordingly, 
Walsh, function w(f) js identical "Jo, Walsh functions W 1t 
W 2) W 3 and r V? 4 - . " ,/ 

[0031]^ . In integrators. 53 and 55, the outputs of mix- 
ers 52 and 54 are integrated oyer the, iehgth of the' 
Walsh functions w{t) or yv(r) (or symbol^ rate}, and then 
dumped,. Note that the mixers 52 and 54 mixes at a chip 
rate. The output of integrator 53 is provided as inputs to 
mixers 56 and. 62.. /The c-utpiit of integrator 55 is pro- 
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vided asjriput to mixer 58, and a conjugate of the output 
of mixer 54 is provided as input to mixer 60, wherein the 
conjugate of the output of mixer 54'is obtained by invert-' 
ing a quadrature stream of the output of mixer 54 using 
inverter 61. 

[0032] In mixer 56, the outputof mixer 52 is mixed * 
with a signal h 1* representing a conjugate of a channel 
estimate for first antenna system ,1 1. in "mixer 62. the 
output of mixer 52 is mixed with a. signal h 2 ' represent- 
ing a conjugate of a channel estimate for second 
antenna system 28. In mixer 58! trie output of mixer 54 
is mixed with the signal h 2*. ,ln mixer 60, the conjugate 
of the output of mixer 54 is mixed with a signal n , rep-: 
resenting a* channel estimate fdr, first antenna system 7 
11. Note' that, in one embodiment, the channel esti- 
mates for first and second antenna j systems" 1 1 and 28 
are obtained using pilot signals transmitted from first 
and second antenna systems' 1 1 and 28, respectively/ 
[0033] The output of mixer 56 is provided as input to 
adder 64. When switch 74 is in the second position'! a 
conjugate of the output of mixer 58 is also provided as 
input to adder 64 where "the conjugate of the output of^ 
mixers 58 and the output of mixer; 56 are added 
together. Note that the conjugate of the butpufof mixer 
58 is obtained by inverting a quadrature stream of the 
output of mixer 58 using inverter 59.; The output of adder 
64 is provided as input to adder 68, where it is added' 
with outputs of same relative mixers from other fingers. 
[0034] ' When switch 7i is in the first position, the 
output of mixer 58 is provided* as input ! to* adder 66: 
When switches 76 and 78 are in' the second p6sitidn; ; an 
inverted output of mixer 60 (via inverter 63) and the but-- 
put of mixer 62; are provided as inputs to adder 66. 
When switches 76 *and 78 are in the first position, the 
inverted output of mixer 60 arid the output of mixers 62 
are not provided as inputs to adder 66. Note that the 
output mixer 58 should not be provided as input to' 
adder 66 at the same time as the inverted output of 
mixer 60 and output of mixer 62. The output of adder 66; 
is provided' as input to adder 70, where it is added with 
outputs of same relative mixers from other fingers. 
[0035] The outputs of adders' 68 and '70 are time 
multiplexed with each other b'y.time multiplexer 72 'and 
directed to a ; .decoder, not 'shown. Note "that in either 
mode, output of mixer 64 corresponds to a received ver-' 
sion of the even data bits and the output of mixer 66 cor- 
responds to a received version of the odd data bit's. 
[0036] The present' invention is"" described herein' 
with reference to certain embodiments/ such as wire- 
less communication system's based bh' third generation 
code division multiple access techniques. It should be 
understood that the present invention may be applicable 
to wireless communications based on' other multiple 
access techniques! Additionally, instead of even and 
odd data bits for a same user signal, the present inven- 
tion may be" applied to even "and odd data bits for differ- 
ent user signals or some other combinations. .The 
present invention may also be applied to two identical 
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'non-partitioned (into odd and even data bits) user sig- 
nals Accordingly, the present 'invention should not be 
* limited to the embodiments disclosed herein.. . 

Claims ' ■ ' : • : '- r 1 : " ■ 

1. A transmittercomprisincj: - 1 -* : - 

a first time multiplexer for time multiplexing an 
' irvphase first signal with a second In-phase first 
signal; ' *• - '"..\ i v; . \- • , . 

* a first mixer for mixing an output oftthe first time . 
multiplexer with a first function; - , 
a second time -multiplexer for time .multiplexing 
a quadrature phase first signal with a second 
'quadrature phase first signal; ! v. 
a second mixer for mixing an outputiof the sec- 
ond time multiplexerwith the first function; 
a third time multiplexer for time multiplexing an 
■ in -phase second signal: with an inverted in- 
- phase second signal;: - T ■ '■ : ■■ 7. ■<■ 
1 a third mixer for mixing an output of: the. third 
1 ' -time multiplexer- with a second function; /-: / 
a fourth time multiplexer for time multiplexing a : 
quadrature phase Vsecon'd .-signal with an. 
: ' inverted quadrature phase second signal; . 
- ' a fourth mixer for mixing an output of the fourth 

time multiplexer with the second function; 
' a first switch having a first: and second position 
;: for 'directing an output of the third mixer, 
■^a'second switch having a first and.second posi- 
tion for'directing an output of the fourth mixer,, 
a first adder for adding an output of .the first 
mixer and the output of the third mixer when the , 
first switch is in the second' position and not -; 
when the first switch is in4he first position;., and- 
a second adder for adding an output of the sec- 
ond mixer and the: output of the .fourth mixer 
when the- second switch is in the second posi- 
.... f tion- and not when the second switch is in the 
first position. • ■ ■ r 

2. The transmitter of claim 1. wherein the transmitter is 
in ajirst operating mode when the first and second 
switches are in the first position and in a second 
operating mode when the first and second switches- 
are in the second position, the transmitter further 
comprising: 1 ^ ■ *'■<> " ■ 

*- a %! fifth "time- multiplexer for time multiplexing a. 
.'<■' second in-phase second signal with a second 
— • inverted in-phase second, signal when she- 
transmitter is in the first operating mode and,, 
with a third in-phase second signal when the: 
■ ' transmitter is in the second operating .mode; ;T; : : 
aTifth mixer for.mixing an output of -the fifth time 
multiplexer- with a third function; . ■ 
a sixth time multiplexer for time multiplexing a * 
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second quadrature phase second signal w'rth/a . 
second inverted quadrature phase second sig- 
nal when the transmitter Is in the first operating 
mode and with a third quadrature phase-sec- 
ond signal when the' transmitter is* in the sec- 5 
ond operating mode; - : . / ■ • . v - - . 
a sixth" mixer for mixing an output of the -sixth 
time multiplexer^with the thiix! function;-- 
a seventh time multiplexer for time multiplexing 
:a third tn-phase«first sigr.arwith an inverted in- io 

• phase first signal; ^ . •'*-.- 
aseventh mixer for mixing an u output of the sev- 
enth time multiplexer with a fourth function; 
an eighth time multiplexer for time multiplexing 
a "third* quadrature phase" first signal with an 15 
inverted quadrature phase first signal; 
ah "eighth mixer' for' mixings an output of the 
eighth time multiplexer with the fourth function; 

' - a third adder/fo'r ^adding an output of the fifth 
mixer and an output of the seventh- mixer when 20 
the transmitter is- in the 5 - second operating 
mode; and ; * > , 

■ a* fourth adder fohadding an^ output of the sixth 
mixer and an output of the'eighth mixer when 
the transmitter is in the second operating 25 

mode. ■.■■'"■* ■ ;.' -j ' ,\ r- " . ( :. . _.. t ■ j r'." ■=-. 

3. The transmitter of claim. 2 further comprising: ; . - 

a third switch-shaving a first- and. second posk 30 
tion, wherein the output of the seventh, mixer is 
directed to the third adder when the third.switcrf 
is in the second position and not directed: to the ' 
third adder when the third switch is in the first 
position; and " ~ V 35 

a fourth switch having* a first and second posi- 
tion, wherein the output of .the eighth mixer is> 
directed to the fourth adder when the fourth 
switch is in the second position and not 
directed to the; fourth adder when^ the ifourth" 4p 
switch is in the first position.. ■ 

4. The transmitter, of } claim 2 further comprising : - ^ 

• = a first inverter for" inverting the.- third: inr phase 45 

second signal'to produce the secondi inverted, 
in-phase second signal; 

* ■** a^secorid -inverter for inverting .the third quadra- 

ture phase- second- signal to produce the sec- 
-~6~nd inverted quadrature phase second signal; so 
-a third switch * having a first and second' posi- 
tion, wherein the -third'-in-phase. sscond. signal 
is-directed to the fifth time-multiplexerwhen the 
■ • third switch is : in the' second ^position and 
li "^directed , to the ; first inverter when the >third 55 
^ switch is in the first position; and ~ 

a' fourth switch having a first and second posi- 
tion, wherein the third quadrature phase sec- 



r-ond signal .-is directed to the sixth time 
: multiplexer when the fourth : switch is in.the sec- 
ond - position and directed to the second 
jnverter.when ,the fourth switch is in the first 
position. 

5. The transmitter of -claim 2 further pomp rising: 

, a first amplifier for amplifying, the output of the 

fifth multiplexer, t . ■ \ - 
- a second amplifier for. amplifying the output of 

the : stxth time, multiplexer, 

a third amplifier for amplifying. the output of the 
, seventh time multiplexer, and 

a fourth amplifier for amplifying the output of 

the eighth time multiplexer. . 

6. The transmitter of claim 5, wherein the third ampli- 
fier amplifies the output of the seventh time multi- 
plexer by a gain , the fourth amplifier. amplifies 
the output of the eighth'time multiplexer by a gain 

, the. first amplifier comprises a first amplifier A 
for- amplifying the output of the /fifth time multiplexer 
by a : gain G and a first amplifier B for amplifying the 

< output of; the fifth time multiplexer by a gain. , and 
the second amplifier comprises a second amplifier 
A for amplifying, the output of the sixth time multi- 
plexer by a gain 6 and a second amplifier B for 
amplifying the output of the sixth time multiplexer by 

- a.gain ^ . 

7. The transmitter of claim 6 further comprising: 

, a first switch for directing the.output of the fifth - 
time multiplexer to the first amplifier A when the 
transmitter is in the first operating mode and to 
the first amplifier B when, the transmitter is, in 
the second operating mode; and 
a second switch for directing the output of the 
sixth time* multiplexer to the second amplifier A 
when the transmitter is in the first operating . 
mode and to the second amplifier B when the 
transmitter is in the .second, ope rating mode. 

8. A, transmitter having a. first and a second operating 
mode comprising: - -■•<' / ^-./ ; .?(■;• 

. - a Ji rst time, multip lexer for .time mu Itiplexi ng an 
. . inrphase first^signaLwith.an inverted in-phase 
first signal, when the transmitter is in the first 
v.-: operating rripde and with , a ^second in-phase 
firstsignal when thatransmittens in the, second 
operating mode; , .1 ; , . , 

• - r a first mixerfpr mixing an. output .of the. first.time 
. . -multiplexer- with a first function- - - .. : ~ 

a second time multiplexer foretime multiplexing 
-a quadrature phase first signal with an inverted 
... quadrature..phase : first^signal whea the trans- 
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mitter is in the first operating mode "and with a 
second quadrature phase 'first signal when- the 
transmitter is in the second operating' mode;' 
a second mixer for mixing an output of the sec- 
ond time multiplexer with the first function; 
a third time multiplexer for time multiplexing an 
in-phase second signal with an inverted- in- ' 
phase second signal; 

a third mixer formixing an output" of the 5 third 
time multiplexer with a second function; 

V fourth time multiplexer for time multiplexing a 
quadrature phase second signal with an 

: inverted quadrature phase second signal; 
a fourth mixer for mixing an output of the fourth 
time multiplexer with the second function; 
a first switch having a first and second position 
for directing an output of the third mixer; 
a second switch having a first and second posi- 
tion for directihg an output of the fourth mixer; 
a first adder for adding 'an output of the first 
' mixerand the output of the third mixer when the 
first switch is in the second position and not, 
when the first switch is in the first position; and 
a second adder for addfngan output of he sec- " 
ond mixer and the output -of the' fourth mixer 
when the second switch Is in the second posi- 
tion and hot when the second switch is" in the' ! 
first position. r " r ' 

9. The transmitter of claim 1, 2 or 8, wherein the first 
and second functions are orthogonal or quasi- 
orthogonal functions: ,l r " " ' 

10. The transmitter of claim 1 oV~8, wherein the first and 
second functions are Walsh functions. * ' 

11. The transmitter of claim 1 or 8, wherein the first and 
second functions are different. 

12. The transmitter of claim 1 "or 8, wherein the first and 
second functions are identical. ■ ■ • 

13. The transmitted of claim 8 further comprising: 

a first inverter for inverting- the second ih-phase 
first signal to produce the inverted-in-phase first 
signal; 

a second inverter for inverting' the second 
' 'quadrature phase' first 'signal to produce' the 
inverted quadrature 1 phase first signal; J 
a third inverter for inve"rting*a second irt-phase 
second signal to produce the'inverted in-phase 
second signal; * 7 
' a fdurfh inverter for inverting- a second quadra- 
. ture second' signal to produce 7 the inverted 

quadratufe'secorid signal;' "* 
' a third switch having a first and second position 
for directing the second in-phase first signal, 



_ ^wherein, the second in-phase first; signal is 
directed: to the first time multiplexer when the 
^ third switch is. in the second position and 
directed ,to the 'first, inverter when the third 
5 . -switch* is in theifirst. position; and ; .*v 

a fourth switch having a first and second posi- 
* .tion for directing the second quadrature: phase 
first signal, wherein, the second quadrature 
. phase first signal is.directed to the second jtime 
jo multiplexer when the'fourth switch is in the sec- 

ond position and directed,;to : the* second 
inverter when the fourth switch is in the first 
position.. • : •"• v v. - . . •..'(..*,<. 

15 14. The transmitter of claim 1 or 8 further comprising: 

a first amplifier for amplifying the output, of the 
' first multiplexer, >: v . • bi ■ . 

a second -amplifier for amplifying the Gutput.of 
20 the second time multiplexer;, . ; - ■ 

a third' amplifier for amplifying -the -output of the 
third time multiplexer; and , ■; 

•-a fourth amplifier :fpr, amplifying the output. : of 
• /the fourth time multiplexer.;. •. \. -. ( , • 

15. The transmitter of claim 14 .wherein the third ampli- 
fier amplifies the output of the third time multiplexer 
by a gain m \& the, fourth amplifier amplifies the out-" 
put of the fourth time multiplexer by a gain ^ , the 

30 first -amplifier comprises a first amplifier A for ampli- 
fy in g^the output of the first time multiplexer by a gain 
S G and a first amplifier B for amplifying the output of 
the first time multiplexer by a gain % , and the sec- 
ond amplifier comprises a second amplifier A ; for 

35 amplifying the output of the second time multiplexer 
by a gain G and a second- amplifier B for amplifying 

the output of the second time multiplexer by a gain 

g ' . . . . 

72- ( - ; ■ 

40 16. The transmitter of claim 14, .when dependent from 
claim 1, wherein the transmitter; is in a first operat- 
ing mode when the first and second switches are in 
the first position- and in a second operating mode" 
when the first and second switches are in the sec- 

45 ond position, or. the transmitter of claim :1 4: when 

dependent from claim 8, further comprising: - 

-.""a third switch for directing the output of the first 
■ time multiplexer to the firstamplif ier A when the 
so ■■• transmitter.is in the first operating mode and to 

the -first amplifier B . when the transmitter is in 
vine' second -ope rating mode; and •• -.. 
* l : a- f ou rt rv . switc h * for. • di recti n g : th e o.utp ufc of th e 
'.second time multiplexer to the second amplifier 
55 A " A wh en -th e tra n smifte M s i n th e f i rst •■- o p e rati n g 
mode and.to the second amplifier- BfWhen the 
transmitter is in the. second operating mode. 
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17. The transmitter of claim. Tor 8, wherein the first sig- 
nal comprises even data bits of a user signal and 
the second signal comprises odd data bits of the 
user signal. 

s 

1 8. The transmitter of claim 1 or 8, wherein the first and 
second signals are identical signals. 

1 9. The transmitter of claim 1 or 8, wherein the first and 
second signals are different signals. /- w 
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